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ABSTRACT 
Re lationshi p of Circulating E osinophils, Other 
Blood Cellular Components and Plasma 
Corticoids in D ai ry Cattl e Subjected 
to Nutritional Stress 
b y 
Eugene W . Wisniewski, Master of Sci e n ce 
Utah State University, 197 5 
Major Professor: Dr. C liv e W. Arave 
Departm e nt: Dairy Science 
Twenty- six first lac tati on da i ry cattle w ere sampled biweekly 
for four months to determin e the effec t of five le vels of nutrition on 
vii 
blood plasma co rticoid s , total and differentialleucocytes, hemoglobin 
a n d packed ce ll vo lUI!l e . Cows completing the ir 305 day lactation during 
the fo ur month sam pling interval were removed from the experimental 
herd, but were sampled t w i ce more. 
It was hypothesized that cows on ration s below NR C requirements 
for milk production would demonstrate stress symptoms of elevat ed 
plasma cor ti co ids, elevated white blood count, neutrophilia and e osino-
penia. It was also hypothesized that measuring the decrease in eosino-
phils would be a bett er method of quantifying nutritional stress than by 
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measuring corticoids, since circulating eosinophils are not subject to 
rapid increases from stresses of sampling, as are the corticoi ds . 
Least squares analysis indicated a trend for increased corticoids 
with decreased level of nut rition, but the trend was not significant 
(p > . 05). Eosinophil level was significantly (p < . 05) correlated with 
ration indicating inc r eased stress caused a rise in eosinophils in stead 
of a decline as was expected. Eosinophils were negatively co r related 
with corticoids (-. 12) as expec t ed but the r e lation ship was not signi-
ficant ( p >. 05 ). Ration was positively co rr e l ated wi th milk yield, body 
weight, and number of circulating neutrophils. Ration was n egatively 
corre lated with tot a l l e u coc yte count. No signifi can t change in hemo-
g lobin or packed cell volum e was de t ected . 
Significant (·p < • 01) increase s in l eucocytes, neutrophils and 
h emoglobi n we r e observed in the cows after completion of the 305 day 
l ac t a t ion . Significant (p < . 0 1) decreases in cort icoids and m ilk pro-
duction were a lso observe d in these cows. 
(80 pages) 
INTRODUCTION 
Extens i ve research has been con d u c t ed ove r the l as t 70 years t o 
determine th e physiological response of man and a nim als t o various 
physical, psychological and social stresses. The pr ima r y response to 
stress is the s timulat ion o f the anterio r pituitary to secrete ad r enoco rti-
cotr opic hormone (AC TH). AC TH stimulates the co rtex of the adrenal 
g land to secrete a variety of adrenocrorticosteroid hormones. Adreno-
cor ticos t e roids, also called corticosteroid s, glucoco rti coids, or s imply 
cor ticoids, r eg ulat e the circulating con centrations of diffe rent ce llular 
a nd 'non- cellular c h emic a l components of the blood. Among the ce llular 
components r P.g ul a ted by the pituitary-ad r enal system are the circulating 
l e u cocyt es, in particular fhe eosinophil s . 
Stress has been quantified by measuring increases in A C TH and 
co rticoids or by measuring decreases in circ ul ating eosinophi l s. 
Assaying ACTH and/or cor ticosteroids in dairy cattl e is not always a 
valid indicati on of long t erm s t ress ( such as nutritional s tr ess) d u e to 
va riou s technical problems. It is hypothesized that measuring the 
change in circul at in g eosinophils is a more accurate method of studying 
st r ess , because the eosinophils are less variable than the corticost ero ids 
d u ring short periods of time. This method has been used extensively in 
r esearch with man, mice and rats but not in dairy cattle , especially in 
ll 
the field of nutritional stress i.e., stress induced by a diet below NRC 
requirements. (87). 
Th e objectives of this study are to determine the effect of various 
dieta ry e nergy levels on the total and differential leucocyte count, the 
packed ce ll volume, hemoglobin concentration, and total plasma corti-
coid leve ls in first lactation dairy catt l e. Furthermore, the relationships 
between c ir cula t ing eosinophil s (measur ed by two different methods) and 
plasma co rticoids will be determined. If a significant relationship occu r s, 
measuring the eosinophils could be a valuable quantitative indicator of 
nutritional, as well as other lon g t erm stresses. 
It is recognized that many factors can alter the concen tr a tions of 
circulating eosinophils and corticosteroids . Included among these factors 
a r e age, health of the animal, milk production, stage of lactation, s t age 
of gestation, e nvironmental as well as social and psychol ogical condi -
tions. 
In orde r to analyze the effec t of nutriti onal stress in this s tudy, 
the effec t s of all these interfering factors will be minimized or e limi-
nat ed from the expe rimental model whe r ever possible. 
REVIEW OF LITERATURE 
Hypot halm~c. Pituitary , Adr e nal Respon se 
Bajusz (4, p. 90) defined stress as "the emergency endocrine 
mobilization of the organism in r espons e to intrinsic and extrinsic stimuli 
in order to achieve adaptation or to allow for struggle and defense." In 
other words, stress is a mechanism which a llows the body to adjust to 
changes in the int e rnal or ext ern al environme nt. When an animal is 
stressed the pituitary-adrenal axis is stimulated to secrete a variety of 
adrenocorticosteroid hormones in a well defined sequenc e of reactions. 
This respons e to non-specific stress has b een termed the "General 
Adaptation Syndrome" by Selye (115). It has been suggested that the 
secretion of ACTH and larg e amounts of anti-inflamatory a dren al 
steroids during stress may be useful in enabling an organism to survive 
during an emergency by suppr e ssing excessive inflamatory r eac tions and 
by adjus t ing other metabolic processes to cope with the emergency. 
In addi tion to stimulating the pituitary-adrenal axis, stress 
influe n ces the Central Nervous System (CNS) via the hypothalamus as 
evidenced by the work of Fort ie r and Selye \40). After t he expe rim e nts 
by deGroot and Harris (2 6) showed that stimulation of certa in a r eas in 
the hypothalamus can cause chang es in pituitary-adrenocortical function, 
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over 300 papers or the regulation of the pituitary-adrenocortical sys tem 
by higher brain centers were published (4). 
It is apparent that the CNS and the endocrine system under the 
control of the pituitar y are intimately integrat ed to provide coordination 
between the two systems. In separate laboratories Guill em an ( 50) and 
Saffran,Schally and Benfey (107), discovered a neurohormonal substance 
from the hypothalamus called corticotr opin releasing factor (CRF) which 
had the ability to stimulate secre tion of A CTH from the anterior pituitary. 
Bajusz (4) pointed out that even though the hypothalamus plays an im-
portant role in AC TH secretory control, it is not an autonomous primary 
center of re gu l ation but merely coordinates and transmits impulses from 
higher brain regions to the pituitary by neurohormonal secretions . 
This delicate balance b e tween the hypothalamus, pituitary and 
adrenal cortex was exemplifie d by the research of Dallman and Jones 
(24). Th ey observed that stress increased responsiveness in the CNS 
and the anterior pituitary so that subsequent secretions of ACTH pro-
voked a greater than n ormal CRF induced release of ACTH, causing a 
period of over-responsiveness immediate l y after the initi ation of stress . 
At the same time the feedback signal of rising c orticosteroids , provoked 
by the ACTH secretion, provided an inhibitory affect on the pituitary . 
Conseque ntly, the two effe cts can c eled, leaving the adrenal corti c al 
system c ontinually responsive to repeated dis c rete stresses but not 
over- respons ive. 
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The mechanism of adaptation is a complex process of inter-
weaving controls and fine balances. The end result of the endocrine 
response to stress is activation of the adrenal glands to secrete cor ti-
costeroid hormones. 
Ad r enocortical Secretions 
Almost 50 different steroids have been isolated from the mam-
malian adrenal cortex (130) . This m ixtur e contains mineral and gluco-
corticoids, a ndrogens, progestog ens , estrogens and inactive steroids 
which are precursors or metabolites of the active hormones. The struc-
tures of the more common adrenocortical steroids are illustrated in 
Appendix A. 
The principal adrenocorticoste r o ids in jugular veinous blood 
from dairy cattle under normal environmental conditions were positively 
identified as cortisol (ll-B;l7-a, 21-t::ihydroxy-4- pregnene-3, 20-dione) 
and corticosterone (11-B, 21-hydroxy-4-pregnene-3, 20-dione) by Ester-
green and Venkataseshu (33 ). 
Rang e and mean values for co rticosteron e in non pr egnant, 
lactating d a iry cat tl e were 15 t o 5 1 ng/ml and 30 ng/ml plasma respecti-
vely(33 ). The range and mean values for cortisol in the same cows were 
l to 131 ng/rnl a nd 72 ng/ml of plasma, respective l y. The ratio of 
cortisol to corticos ter one was on the average 2. 4: l. Bush (l 7) reported 
that the r atio of cortisol to co rticosteron e was constant in adults of the 
species studied. He reported ratios of 1:1 in the cow, 6:1 in the dog , 
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1 5 to 20: l in the sheep and over 20: l in the Rhesus monk ey . Balfour, 
Comlin e and Short (5) reported a l. 4: 1 ratio in calves 23 days old a nd a 
3. 9 : l ratio for calves I yea r old. Garverick e t al. (42) observed a 
2, I: I ratio in cows and a I. 6:1 r a tio in h e ife rs during es trous. Randel 
e t a l. (94) found fr eemartins to h ave a 5. 5: l ratio while h e ife rs at 
puberty had a 2. 8: I ratio. Pregnant cows were observed to have a 4. l: I 
ratio by Randel and Erb (95 ). Venkataseshu and Estergreen (132) s tudi e d 
co rticoid differences among the dairy breeds. Guernseys had an average 
ratio of I. 5: l while Holsteins had a 4:1 ratio. However, it was note d 
tha t the ratio of co rticosteroids secreted by the adrenals wasn 't 
n ecessa rily the same as the r a tio in peripher a l blood. Plasma circula-
tion l e v e ls of corticosteroids de pend on the distribution rate into body 
pools, utilization by differ e nt tissues and removal fr om ci r cul a tion via 
degradation and e limination. Thus a different ratio might be d u e to 
diffe r e n ces in distribution, utili zation, degr ada tion and e limination, a n d 
not to br eed differences. 
Venkataseshu and Es t ergreen (1 32 ) observed tha t tr eatment with 
200 I. U . of ACTH altered the co rtisol to corticosterone ratio from I :I 
b e for e treatment to 3 :1, two hou rs after treatment. Kaass e t a l. {6 8 ) 
and F e vold (35 ) sugges t ed that the I 7-hydroxylating system of the ad r ena l 
gland i s preferentially stimulated by ACTH and l e ads to the form a tion of 
(l 7-hydroxylat ed ) co rtisol while decreasing subst rate avail abilit y for 
corticosterone (which lacks the 17-hydroxy group). 
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The cortisol to corticosterone ratio after the administration of 
exoge nous ACTH or after a stress induced increase of endogenous ACTH 
is important if total corticoids are measured as an indication of adrenal 
function. Many of the method s used to measure total corticosteroids 
depend on various reactions with the 17-hydroxy group. Therefore, 
corticosterone, which lacks a 1 7-hydroxy group, would not b e detected 
by th ese procedures. 
Will e t and Erb (142) measured total corticoids by competitive 
protein binding with progestins removed with n-hexane. Cortisol and 
c orticosterone were separated by pape r chromatography and then indivi-
dually measured. They reported that the average sum of cortisol plus 
cort icosterone e qual ed only about two thirds of the total binding cort i -
coids . Plasma cortisone and deoxycorticosterone did not account for 
the differences observed and thus, not all of the protein bindable com-
pounds were identified as corticosteroids . The correlations b e tween 
total corticoids and cortisol was 0. 85, between total co rticoids and 
corticosterone was 0. 46 and between cortisol and corticosterone 0. 63. 
All three co rre lation s were highly significant (p < . 01 ). 
Gwazdauskas, Thatcher and Wilcox (53) suggested that since the 
ratio of cor ti so l to corticosterone was relatively stable, and since the 
concentration of corticosteron e was low compared to cortisol, it was 
unn ecessary to se parate the two corticosteroids . In other words , 
quantifying total corticosteroids is an adequate measure of adrenocortical 
function. 
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Effect of AC TH on Adr e nocorticosteroid s 
G uillemin et al. ( 51), Bliss, Nelson and Samue ls (9), Eik-Nes 
c t a l. (32) and numerous other res e archers, report ed that intramuscular 
or intr a vc-~nous inj ec ti ons of ACTH caused s i gnificant increases in cir-
cula ting plasma corticosteroids in ma n. Migeon e t al. (82) reported 
that ACTH in jection doubl ed 1 ?-hydroxy-corticosteroids (17-0H CS ) 
within two hours after injection in th e Rhes us monkey. Gwazdauskas , 
Thatcher a nd Wilcox (53), and Jones and Shannon (66) reported p r opor-
tional increases in both cortisol and corticoste ron e 1 while Venkataseshu 
and E:s t c rgreen (1 3 2) observed a dramatic doubling in cor tisol but no 
increase in corticosteron e one hour after ACTH injection. Wagner, 
Strohbehn and Harris (138), Wagner and Oxenreicler (137), Paape et al. 
(91 ), Robertson and Mixner (I 01 ), a nd Brush (16) reported significant 
inc reases in 17 -0HCS within one half hour after ACTH injection with 
dosages ranging from 100 to 600 I. U. Brush (16) obs e rved increases in 
1 7-0HCS from 0 to 30 ng/ml plasma before ACTH tr eatment to as much 
as ZOO ng/ml plasma after tr eatment. Most researchers reported 
inr:reaserl 17-0HCS l<'vels from one-half after treatment, followed by a 
rather sharp decline four hour s late r and a gradual return to normal 
preinjection lev els in two to eightee n hours. Gwazdauskas, Thatcher 
a nd Wilcox ( 53 ) r epo rted that ACTH injections also significantl y increased 
plasma progesterone levels, indicating tha t the adrenal cortex also 
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sec. rctPd this hormone, si nce the ad renal cortex is th e prima ry targ e t 
orga n of ACTH . 
Method s o f Me asuring ACTH 
The response of th e adr e nal c ortex to ACTH is well documen t ed . 
It seems that m ea suring th e c ir c ulating l evels of ACTH i s a dir ec t 
method of quantifying s tr ess . Unfortuna t e l y, s e veral compli ca tions 
prevent a practica l, routin e analysis of ACTH concent ration in bovine 
pla s ma. 
Th e ACTH mole c ul P i s a simple polype ptide composed of 39 
a mino ac id s with a molecu lar weight of 4567. Bovine and human ACTH 
have a l mos t identical amino ac id sequenc e differing on l y at posit ions 25 
and 33. The s tructu re, r ev i sed by Li (74), is illustrated in Appendix B . 
A C TH is a difficult molecule to assay. According to Felber and Aubert 
(34 ) it bind s unspecifically t o any s urface even t o glassware. In addition, 
A CTH is susceptible to d eg radation by proteo lytic enzymes in th e plasma. 
This rlegr edatio,.; starts immediately following b lo od sampling . 
Vari o u s biologi cal assays have b een used to mea s ure A C TH con-
c<·ntrations. O n e metho<l described b y Saye r s , Sayers and Woodbury 
( 109) mad e use of the fact that asco rbic a cid in the adrenal cortex was 
depl e ted by the presence of ACT! !. Hypophysectomized r a ta were used 
in thi s assay. According to Royce an rl Say e r s cited by Lipscombe and 
Nelson (7 5) on ly arginine vasop r essin (a substituted neurohormone) can 
d epl e t e ascor bi c acirl in t he hypophysectomized r a t in addi tio n to ACTH. 
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This method had a low range of sensitivity or minimal effec tive dose 
{MED) of 0. 25 milli unit {MU) of ACTH. Another biological assay 
depended on the ability of ACTH to stimulate corticoste roid secretion in 
vivo by th e method of Nelson and Hume {88) or in vitro by the method of 
Saffran and Schally { l 06 ). 
Lipscombe and Nelson (75) developed 2 additional methods of 
assaying ACTH . In the jugular technique, t es t material containing ACTH 
was injected into the jugular vein. Corticosteroids were measured in 
the adrenal v e nous blood 5 minutes after injection. The retrograde 
tec hniqu e consisted of retrograde injection of A C TH (0. 05 to 0. 20 ml) in 
the adrenal vein, followed by sampling of adrenal venous blood 90 seconds 
later. The retrograde technique was less pr ecise but provided greater 
adrenal sensitivity to minute doses of ACTH. Neither method was suited 
for routin e analysis because a dissecting microscope must be used on 
hypophysec t omized rats. 
Less direct methods of assaying A C TH were based on maintenance 
of adrenal weight, depletion of choles terol, and involution of the thymus 
in respons e to ACTH. Analytical problems stern from restrictions based 
on specificity , sensitivity, type and quantities of biologic fluid required. 
Stress induced secretion of ACTH elevated plasma corticos t eroids 
and according to Forsharn et al. {37) and Spiers and Meyer (122) eosino -
penia {reduction of circul atin g eosinophils) occurred. According to 
Rosemberg et al. {1 03) al s o in accordanc e with the findings of Spiers 
and Meyer (122)o eo sinopenia was sufficiently precise to use in the 
bioassay of ACTH as a qua ntitative measurement o f stress. 
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The only practical method of r outin e ly analyzing ACTH levels in 
bovin e plasma was the method of Yalow et al, (146) or this method 
mod ifi ed by Demura et al. (27) . This radioimmunoassay m e thod was 
based on the specificty of an antibody to bind with ACTH. The need for 
a sensitive antibody was essential due to the extremely low con ce ntra-
tion of A C TH. This method has been used t o assay human A C TH but 
has not yet been used for the b ovine hormon e becaus e of a lack of an 
available antibody specific for bovine ACTH. Since A C TH i s a small 
peptide it is weakly antig en ic. Also, A C TH t e nds to suppress antibody 
synthesis through its ster o idog e ni c effec ts. Voight, Fehm and Pfe iffe r 
(13 5 ) reported that ACTH contain s no disulfide bridges and h ence was a 
weak immunogen. 
Response of the Adrenal Co rt ex to Stress 
Since ACTH cannot b e measured in dairy cattle for th e aforemen -
tion ed r eason s , r esearchers have measur ed plasma levels of cor ticos t e r -
aids t o quantify stress. According t o Forsham c ited by Williams (143), 
measurement of ci rculating 17-0HC S was the best method of assess ing 
adr enocortical function . This m e thod had the doubl e advantage of 
focusing on t he an tiinflamatory function of the adrenocorticoids a nd 
quantitatively the 17-0HCS are the largest fraction of these adrenal 
steroids. 
The s tr ess of muscular exerc i se in humans was analyzed by 
measuring corticoid increases by Viru (13 3), Cr~bbe, Rionde l and 
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Mach (22). Ludvigsen (77) and Staehe lin e t al. (123). Simil a r increases 
in 17-0HCS were observed by Viru and Akke (1 34 ) in the guin ea pig 
after s tr e nuous exe r c is e . Following te n minutes of s tr e nuous exe rcise, 
Fortier, deGroot and Hartfield (3 9 ) obs e rv ed an initial drop in corticoids, 
a p e riod of rising levels, a peak within fou r minutes after the exe rcis e , 
and the n a subsequent decr ease t o values below the initial con centration. 
Numerous examples of elevat ed co rticosteroid l evels due t o psyc h ologi-
cal or social stress have been r epo rted by Bron son and Eleftheriou 
(l4), Co ove r, Goldam and L evine (20), Coover, Ursin a nd Levine (21), 
and Love ly, Pagaro and Paolino (76). Barrett and Stoc kham (6 ), Fortier 
(38), Franks son and Gemzell (41 ), Mason, Harwood and Rosenthal (81 ), 
and Sandberg et al. (1 08) also observe d elevated corticosteroid levels 
due t o psychological stress. Ex t e nsi ve work relating social str es s, 
incr eased co rtic os teroids and r e sistan ce to vi ral and bacterial infection 
in chickens has b een done by Gross and Colmano (46-49). 
E l e vati ons in corticosteroids were reported by Reid (98 ) and 
Sc harpir o , Marmorston and Sobel (112) d u e t o low environmenta l t empe ra-
tur es whil e Khan, Di ckson and Meyers (6 9 ) r epor t ed no increase in 
corticoids in n ewbo r n calves exposed to -4°C. Bergman and John son (8 ) 
reported decreased plasma glucocorticoids in cattle subjected to high 
t emperatures ove r long periods of time. 
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Robertson et al. (l 02) observed increases in l 7-0HCS in dai r y 
cattle due to the acut e stress conditions of surgery, acute mastitis, 
milk fever, uterine prolapse, retained placenta and metritis. 
Methods of Measuring Corticosteroids 
Methods used to determine plasma levels of corticosteroids 
include chemical analyses, biological assays and radioimmunoassays . 
Brush (15) used paper chromatography to separate the corticos-
teroids and performed a blue - tetrazolium reaction to quantify the corti-
sol and corticosteron e by measuring flourescence. Porter a nd Silber 
(93) developed a method of measuring l 7-0HCS by reacting large 
amounts of plasma extracts with sulfuric acid and phenylhydrazine and 
then measuring the concentration of 17-0HCS with a spectrophotometer. 
Robertson and Mixer (l 01) developed a micro modification of the Porter-
Silber method which was also dependent on the formation of phenylhydra-
zones in acid solution specific for 17, 21-dehydroxy-20 -keton es. Nelson 
and Samu e ls (89) used a modification of this same method in humans. 
Es t e r green and Venkataseshu (33) used a variety of chemical means to 
identify bovine cortisol and corticosterone. Among these were paper 
chromatography, isotope dilution , spectrophotomeric analysis, ultra-
v i o l et, sulfuric and infrared spectrum analysis. Talbot e t al. (126) 
observed that many chemical assays were dependent on the reducing 
property of the side chain at carbon 17 i.e., the assays were specific 
only for 17-0HCS. Heitzman, Adams and Hunter (57) noted that many 
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chemical procedures (su ch as those employed in the Porter-Silber 
reaction and those used by Estergreen and Venkataseshu) required large 
amounts of blood, i.e. l 00 to 2, 000 ml. Higher values of cortisol were 
reporte d by these researchers due to the increased corticosteroid l eve ls 
induced by the stress of blood collec tion. 
Saba (lOS) introduced a method whereby co rtisol and corticoster-
one from 50 ml of plasma could be purified and separated by solvent 
partition and differential adsorption on a floracil column followed by 
paper chromatography and measurement of soda flour escence . Although 
this m ethod proved to be more sensitive than the standard Porter-Silber 
method or the analysis u si ng blue-tetrazolium, it was much too elaborate 
and time consuming for routine analysis of corticosteroids. 
Glick, Von Redlich and Levine (44) reported a micro method of 
measuring unconjugated cortisol and corticosterone based on sulfuric 
acid flourescence requiring as little as . 02 ml of blood plasma. 
In addition to the chemical measurements of plasma corticoster-
oids, several researchers have tried to assay corticosteroids through 
urine analysis. In contrast to other species of animals, Whipp and 
Lyon (141) reported that the chem ica l study of urinary excretion of 
adrenal steroids and their metabolites was not a valid index of adrenal 
function in ruminants because of the extremely low quantities of 
adrenocorticosteroids excreted into the urine and the presence of 
chemical compounds interfering with chemical analysis of 1 7-0HCS. 
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Holtz (62) called the se interfering compound s ionone de ri v itives and 
di scove red that they we re conjugations of ste r oids with dietary caroti-
n oids . 
In order to cir c umvent many o f the analytical problems of the 
chemical assays for corticosteroids, Thiessen and Neale y (127) d eve-
lope d a bioass ay for total co rti coste roid s using plasma or uninary 
samples. The assay c onsisted o f in jec ting plasma or urin e into adrena-
lectomiz e d mice a nd measuring th e resulting eos inopen ia. This m e thod 
was ad van tag eo u s because it mea s ured the ac tivity of conjugated urinary 
steroids in urine without pr e limina ry hydrolysis. These conjugat ed 
urin a ry steroids c ann o t be measured by chemical means bec ause the s e 
glucuroni c derivitives are not extracta ble by organic solvents wi thout 
pr e limin a ry hydrolysis. Theiss en and Nealey (127) pointed out that 
bioassay values for corticosteroids were c haracteris ti cally lower than 
thos e measured by chemical methods n o t employing chr omat og raphic 
purifi cat ion , because -chemical m e thods had a tendenc y to measure 
inac tive as well as active steroids. Shaw, Dutt a and N ichols (11 7) 
reported that o nly 10% of the urinary steroids were active biologically, 
the r emaind e r consistin g of the inactive dihydro and tetrahyd r o derivihves. 
Seve ral r a dioimmunoassay methods have been developed for the 
analysis of co rti co steroids. Mu rphy (85 ) describe d a t echnique using 
the steroid bind in g properties of cor ticosteroid binding globulin (CBG 
or tr anscortin ) fo r routin e dete rmination of corticoids. Sens itivity was 
obs erve d to increase 100 limes by u sing tr i tiated (3 H) trac e r s t e roids 
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instead of 
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c-labeled steroids and by using adsorption onto insoluble 
substances (Florosil, Fuller's Earth, or Lloyd's Earth) instead of 
using dialysis or g e l filtration to separate bound and unbound steroids. 
Depending on the substance specificity of the assay, several adsorbing 
agents were used to separate protein bound and protein unbound steroids 
a nd therefore this technique is commonly call ed the competitive protein 
binding method (CPB). Jones and Mason (65) used a similar CPB 
method using dialysis instead of adsorption onto an insoluble substance 
suc h as florosil to separate the bound and unbound proteins. A double 
isotope method of measuring cortisol was used by Bowman (11 ). Bowman 
and De Luna (1 2) c ompared this double isotope method with Murphy ' s 
CPB method and observed a co rrelation of • 96 between the two methods 
for measuring cortisol. They concluded that C PB was the prefered 
method because of increased reliability, extreme sensitivity, simplicity, 
and economy. Much smaller quantities of plasma can be used sin c e this 
method is more s e nsitive than the chemical assays previously d escribed. 
Several modifications of Murphy's method ar e now used in the routin e 
analysis of larg e numbers of sampl es including the modifications of 
Willet and Erb (142) and Randel et al. (95). 
It appears that measuring plasma l evels of adrenocorticosteroids 
would be a suitable method of qu a ntifying stress in dairy cattle. How-
ever, problems inherent in techniques for collec tion of blood and assay 
of the cor tic o ids in the plasma contribute to var i a tions in corticosteroid 
lev e ls m eas ured. Rapid fluc tuations in co rticoid levels due to the 
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psychological stress of blood c ollection may mask the long range corti-
coid effect of other treatm e nts i.e. nutritional s tr ess . 
Willett and Erb (142) noted a 400o/o increase in corticosteroid 
l evel by exciting dairy heifers during the blood collectin g procedure. 
Ra y e t al. (97) observed a ten fold increase in corticoid leve l in Hol-
s tein steers after r estraint in a chute for ten minutes. Bassett and Hinks 
(7) r e ported that successive venipuncture caused a significant rise in 
plasma corticosteroids. Trauma and manipulation of test animals 
during the bleeding procedure increased corticoids in cattle as evidenced 
by Fortier, de Groot and Hartfield (39). Glenister and Yates (43 ), 
Reid (98), Reid and Mills (99) and Yates et al. (147). Methods of blood 
coll ec t ion in other species also influen ced adrenocorticosteroid concen-
trations according to the res earch of Dunn and Scheving (29). Removal 
of p~ychological stress with anesthetics , analgesics or tranquilizers 
cannot be accomplished because they also elicit an adrenocorticosteroid 
r esponse as indicated by Dunn and Scheving (29). Dunn, Scheving and 
Millet (30 ), Eik-Nes and Samuels (31) and Nakao et al. (86). 
According to Shaw, Dutta and Ni c hol s (ll 7) there were serious 
limitations in using 17 -OHCS concentration as the sole indicator of 
overall adrenal function. The adrenocorticos t e roid secretion mixture 
is not constant in composition or c oncentration from day to day or from 
hour to hour. Howeve r, measurement of the l 7 -OHCS level as well as 
the eosinophils is still the most direct indication of overall adrenal 
fun ctio n. 
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Stress, ACTH and Co rticosteroid Effects 
on Circulating Leucocytes 
Paape, e t al. (91) r e ported that intramuscular injection of 250 
I. U . of ACTH in dairy cows resulted in significant leucocytosis aft er 
two hours, a peak within 10 hours, followed by a g radual decline to 
highe r than b a sal values 24 hours after treatment. The actual number 
of n e utrophils increased. The number of lymphocytes, monocytes and 
basophils was unaffec t ed . The percent and concentration of eosinophils 
decreased but not until three to five hours a ft er treatment. Wegner and 
Stott (1 39) reported similar effects of leucocytosis accompanied by 
neutrophilia. Convey , Miller and Tucker (19), Goetsch, McDonald and 
Odell (4 5 ), Schalm, Lasmanis and Carroll (111) using the synthetic 
corticoids, prednisolone, 9a-fluorohydrocotrisone and 9a-flouropredniso-
lone reported varying degrees of leucocytosis, neutrophilia and eosino -
penia. Lymphocyt es and monocytes e ither remained unaffected or tended 
to dec rease s lightly. Leipold (73) observed slight leucocytosis, lympho-
cytosis and eosinopenia in syndactylous cattl e stressed by high constant 
e nvironmental temperature. Paterson (92) reported leucocytosis in 
cattle 2 weeks prior to parturition followed b y a marked declin e immedi-
ately post partum. Maximum eosinopenia was detected 2 weeks after 
parturition. 
Contrary to the findings of most researchers, Daughtery and 
White (25) observed tha t administration of ACTH in man, rats or rabbits 
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was accompanied by a decrease in leucocytes and lymphocytes and an 
increase in the absolute number of polymorphonuclear cells (neutrophils, 
eosinophils and basophils). They hypothesized that pituitary ACTH was 
the primary factor in regulating blood leucocytes by its action on the 
adrenal glands. 
Sturgis and Bethel (125) stated that variation in the leucocytes 
due to the influence of ACTH or adrenocorticosteroids can be explained 
by four factors . First, there was alteration in the rate of production of 
leucocytes; second, variation existed in the rate of destruction or elimina-
tion of leucocytes from circulation; third, changes resulted from differ-
e nces in concentration of circulating blood plasma; fourth, redistribution 
of leucocytes occred within the vascular channels. Craddock, Perry and 
Lawrence (23) stated that redistribution of leucocytes within the vascular 
compartments due to various hemodynamic alterations caused fluctuations 
in peripheral blood leucocyte concentration. However, through experi-
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ments with P labeled D NA in leucocytes, they determined that the chief 
source of mature leucocytes taking part in acute leucocytosis was the 
marrow reserve and not the vascular compartments. 
Speirs (121) reported that as early as 1914, Emil Schwarz 
published a paper on eosinophils in which his review of literatur e in -
eluded over 2, 700 references to published papers dealing with eos ine-
phils. Thousands of papers have been published since, on the same 
t opic. Since eosinophils are stable in hypotonic solutions and the 
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granules have the ability to stain red in acid dyes, they are the easiest 
of the l eucocytes to observe and quantify. For this reason the eosino-
phils have been the most intensively studied of all the leucocytes . 
Thorn et al. (128) observed decreased numbers of eosinophils in 
man after injection wit h ACTH. Migeon et al. (83 ) reported similar 
results in the Rhesus monkey 4 hours after the administration of ACTH. 
Martin, Skillen and Deuble r (80) reported eosinopenia in the dog after 
ACTH injection. 
Hopwood and Tibolla ( 63) observed a 66 to 93 o/o decrease in 
eosinophil count in cows with a minimum value occurring 10 hours after 
treatment with ACTH. They s uggested that the relative decrease in 
circulating eosinophils after the adminis t ration of ACTH may be a 
valuable screening test for adrenocortical function in cattle. Numerous 
investigators have been cited by Braunsteiner and Zucker-Franklin (13) 
reporting the inverse relation ship of ACTH and adrenocorticosteroids 
with eosinophils in all spec ies of animals. Paterson (92) observed t he 
correlation of 1 7-0HCS to circulating eosinophils to range from + . 38 to 
-. 73 with a mean of-. 29. Alexander (2) and Flux, Folley and Rowland 
(36) observed eosinopenia after intramuscular or intravenous injection 
of ACTH over a wide ran ge of dosages. Significant decreases we re 
measured 2 hours after injection and lasted between 24 and 48 hours, 
depending on dosage level. 
In addition to ACTH induced eosinopenia, physical stresses such 
as cold envi ronm ental temperature, hypoxia and venesection were 
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observed to induce eosinopenia by Halberg , Kosital et al., Louch, a nd 
S pei rs and Meir cited b y V a ndenberg ( 13 1 ). Southwick ( 1 20) observed 
eosinopen ia due to short term behavioral disturbances in mice . Vanden-
b e rg (131) r e ported eosinopenia induced by social s tr ess in mice . Do~ he 
a nd Warc h, cit ed by Stott and Thomas (124) m easur ed reductions in 
c irculating eos inophils in undernourished h eife r s after the administra -
tion of ACTH to d e termin e adrenal function. 
It has been well establi shed in the lite r atur e previously cited 
that physical, psychological, or soc ial st r e ss induced a pituitary-
adrenoco rti cal response which in turn affec t ed the number of circ ulating 
eos inophils . The respons e to ac ute s tres s was an immediate increas e 
in corticoids followed by a delayed eosinopenia . The mechanism of 
ACTH-co rticosteroid induced eosin openia i s unknown. Archer (3) 
indica t ed there was n o dir ec t lytic e ffect of co rticos teroids o n eosino-
phils. He hypothesized that peripheral eosinopenia may be attributable 
t o a decrease in circulating histamin e which accompanied increased 
c orticosteroids. 
Stress Effect on Erythr ocyt es, H e moglobin , and PCV 
The effec t o f stress on the pituitary-adrenocortical sys tem an d 
its consequence on c ircula ting leucocytes , especially the eosinophil s , 
is well doc umented. However, information concerning the e ffect of 
s tr ess on th e packed ce ll vo lume (PCV) and hemog l obin concentrat ion 
(Hb) h as not been so abundant . 
The stress of high c onstant environmental temperature was 
observed by Leipold et al. (73) to cause a slight drop in hemoglobin 
concentration and PCV. In acutely hyperthermic cows studied, an 
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increase in hemoglobin and PCV was observed shortly before death, 
indicating hemoconcentration. Khan, D ickson and Meyers (69) observed 
a marked decrease in PCV in calves stressed by cold environmental 
temperatures. Daughe r ty and White (25) observed an initial increase in 
hemoglobin and circulating erythrocytes followed by a drop to subnormal 
levels in rabbits and man within 3 to 6 hours after injection of ACTH. 
Paape et al. (9 1 ) noted an increase in circulating erythrocytes in dairy 
catt le after treatment with AC TH. 
Selye (1 15) reported that high levels of stress induced by muscular 
exercise, cold environmental temperature or intoxication with various 
drugs caused enlargement of the adrenal glands and lowering of the PCV. 
Diurnal Variation of ACTH, Corticosteroids and Leucocytes 
Research dealing with diurnal variation of ACTH, circulating 
adrenocorticosteroids and leucocytes is extensive, but controversial. 
Diurnal changes occur at the hypothalmic and pituitary level of control 
and ar e r e fl ec t e d in the secretion s o f the adrenal cortex. Adrenocorti-
costeroids c aused changes in the c irculating leucocytes, especially in the 
eosinophil s . 
Diurn a l variat i on of corticos teroids was detected in man by 
Demura e t al. ( 27) , Donald , E spin e r and Beaven (28 ).Kriege r and 
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Kri eger (70 ), M artin and Hellma n(79) a nd O rth, I s l and a nd Liddl e (9 0) . 
Peak valu e s we r e o b se r ve d in the mo rning. Bottoms e t a l. (l 0), Hoffsis 
e t a l. (6 1) and Zo l ovic k , Upson a nd E l eftheri ou ( 148) de t ec t e d d iurnal 
v a riati on of c orti cost e roids i n the h o rs e . Similar co rico steroid varia-
tions we r e obs e rv e d by Bottoms et a l. (10) in th e pi g a nd by Harw ood and 
M a son (56 ) in the dog . H alberg and Vissc h e r ( 54 ) d e t ec ted a r e gul a r 
patte rn o f v ariation , i. e . c ircadian rythm in mice whi l e Dunn and 
Scheving (29 ) and Gu i lle m i n, Dear a n d Li e b e lt (5 2) reported the s ame in 
r a ts. Dunn and Sc h e vin g ( 29 ) n o t e d that a dm in istration of pentobarbital 
c an upse t this cirdian rythm. Unlike m a n, dogs, hors es a nd other 
a nimals ac tive during the day, m ice , r a ts a n d other noc turnal c r e atur e s 
demonstrated peak adrenal a c ti v ity at night and minimum activity during 
the m o rn ing . 
MacA dam and E bha rt (78 ) a n d Wag n e r a nd O xe r eide r (137) 
reported signifi c ant d iu r nal variat ion s in co rti c oste r o i ds in c attle while 
Abilay a n d Johnson (1), P aape et al. (9 1) a n d Shaw , Dutta a nd Ni c h o l s 
(ll 7) r e p o rt ed n o s u c h vari a ti on . Pat e rs o n (9 2) obs e rved a s easona l 
variation in co r ti c os t e r o ids with ele vated co rticoida in th e s umme r 
months. 
Diur nal va ria ti ons in eosinophil leve l s i n m an we r e detec t e d by 
R ud (l 04 ). Halberg et al. (5 5 ) detected di u rna l v a r iation s of eos ino phils 
in the dog whil e Halb e rg an d Vis scher ( 54 ) de t ec t ed c ir c adian rhythm in 
t he mouse . Minim um number of e osin ophil s were m e as ur ed d uring the 
period of pe ak corticos t e r o ids (night for man, m or ning for mice ). 
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Paape et al. (91) observed significant diurnal v a riation of l e ucocytes in 
the cow. These fluctuations we re attributed to chang es in the number 
of circulating neutrophils. 
Miscellaneous Factors in Stres s Response 
O ther factors must also be considered which effect or are affected 
by changes in co rti coste r o ids and circulating leucocytes. Among these 
are age, genetic influences, milk yield, stage of lactation, es trus, stage 
of gestation, parturition and health. 
Riegle and Nellor (1 00) observed no significant difference in 
plasma concentrations of co rtisol or corticosterone with increasing age 
in cattle. Their r e search s uggested, however, that as cattle grow older, 
the adrenal cortex becom es less r es ponsive to ACTH and h e nce higher 
levels of circulating AC TH ar e needed to s timulate th e adrenals to main-
tain adequate levels of corticoids. Shaw and Nichols (118) indicated that 
calves can secret e high l evels of co rticosteroids for relatively long 
periods of time but the response is slower and more limited than ob-
serve d in matur e cow s. 
Spe irs and M e y e r (122) and Thiess on and Neal ey (127) r e ported 
significant genetic influence on the response of the adr e nal cortex to 
stress in mice. Treiman , Fulker and Levine (129) observed a marked 
influe n ce of genotype and maternal environm e nt on the ability of mice to 
r e spond to stress from elec tr ic shock. Thiesse n and Nealey (127), 
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Westberg, Bern and Barnawell (140) and Wragg and Speirs reported that 
genetically d ifferent strains of mice varied in adrenocortical response 
to stress induced by physical handling. Adrenal function was measured 
by relative eosinopenia and changes in ad r enal weights. 
Sebranek et al. (113) measured the ability of pigs to withstand 
environmental stress by measuring the adrenal response to exoge nous 
ACTH. Stress-susceptible and stress-resis tant strains of pigs were 
discove red, demonstrating the influence of genetics on adaptation 
mechanisms. 
Paape et al. (91) reported that milk yield has a significant effect 
on the response to stress. It was shown that cows producing over 40 
l bs milk/day responded to exogenous ACTH by secreting less corticos-
t e roid s than cows producing l ess than 40 lbs milk/day. The leucocytic 
response was also affected. Convey, Miller and Tucker (1 9 ) discovered 
tha t the a rtificial corticosteroid, 9a-florop r edniso lone acetate, signifi-
cantly (p < . 01) reduced milk yield 10 to 24 h ours a ft er injection . Lee, 
Beatty and Roussel (72) reported a significant (p < . 01) correlation 
between ci r c ulating cortisol and milk yield. 
Stage of lactation a l so influences th e amount of corticoids 
secreted from the adrenal g l ands (137) . However, no differences in 
co rticoid levels or circulatin g levels o f e rythrocytes were observed in 
cattl e a t different stages of lactation as observed by Paape et al. (91 ). 
Total leucocytes and neutrophils decreased slightly while lymphocytes 
tended to increase, but not s ignificantly, with increasing stage of 
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lactation. A s ignificant decreas e in adrenocortical r es pons e to tr ea t-
me nt with exogenous ACTH was obse r ved in cattle during advanced 
s tages of la c tatio n (91 ). 
The e ffe c t of e strous on p l asma leve ls of adrenocorticoids is 
unclear. Abilay and Johnson ( l) reported a significant cor r e lation b e-
t ween cor tisol and progesterone (p < . 01 ). Sinc e progesterone con centr a-
tion chan ge s during the estrou s cycle , there was a corresponding chang e 
in corticos t eroid concentration . F luctuations in cortisol were observed 
from a low of 5. 5.:!::. 7 ng /ml plasma during estrus, to a high of 21. 3 .:!:: 
6. 3 ng /ml plasma. l 0 days post estrus. Garverick e t al. (42), on the 
othe r hand, observed fluctuations in plasma cortisol and corticosterone 
during the estrous cycle in dairy ca ttl e but the differences were not 
signifi ca nt. 
P a rturition and stag e of gestation also a ltered the l eve ls of c ir-
culating co rticos teroids in dairy cattle . Average levels of co rtisol, 
corticoste rone a nd total corticoids did not vary signifi cantly from 0 to 
260 days p r egnan cy according to resea r ch conducted by Randel a nd Erb 
(96) . However, the ratio of cortiso l to co rti coste rone (4. l t o 4. 2:1) 
was higher for pregnant th an for non pregn a nt cows. 
Paterson (92) reported increases in plasma co rticos teroids over 
the prepar tum period especially I 0 days prior to parturition. Accom-
panying this increase in corticoids was an incr ease in ci r culating leuco-
cytes. Marked decrease in plasma corticoids and circulatin g leucocytes 
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was obse rv ed immediat ely fo llow ing par tu ritio n. Most of the changes in 
circul ati n g l e ucocytes can be ac c ounted for by changes in t he number of 
n e utr ophi ls. A slight tr a n sient l ym phope nia was occasionally o bserved, 
but most oft e n, no chang e in l ymphoc ytes was detected. No marke d 
change in the e osinophil count was observed until immediately prepartum 
when a s t a t e of eo sinopeni a existe d. The greatest declin e in ci r c ul a tin g 
eosin ophils occ urred immediately after parturtion. 
Evaluation of Nutritional Stress 
The effec t of sub-m a intenance r a tio ns on repr od u c tio n in dairy 
cattl e is we ll documented . Irr egular es tr ous , a n estrous a nd reduction 
of ovula tion and conception has b een repo rte d by Highnett (60 ), Jouber t 
(6 7), Leatham(?l),Moustgaard (84) and Wiltba nk et a l. (144). A cco rding 
to Selye ( 11 5 ) inhibition of estrous assoc i a t ed with dietary deficien cies 
occurs as a result of the anima l s effor t to adapt i t self t o c hanging e n-
vir o nm e ntal conditions. This r espons e t o nutritional s tr ess is a n example 
of a "g e n e ra l adaptation syndrome" a nd elic it s in itial hype rtroph y of th e 
adr e n al f o llowed by a secondary h ypo trophy as evidence d in expe rim e nts 
with r a ts. 
Sclyc a n d Co llip (11 6 ) r e po rted that under th e influence of 
dam aging ag e nts suc h as toxic a gents , excessive exercise and die ta ry 
insufficien c ies , a shift of h o rmon e production of the pi tuitary was 
ob serv e d. The same a ge nt s cau s ing hypotrophy of the sex g l ands e lici t 
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en largement of the ad r enal cortex and inhibi t ion of growth. In other 
w ords s tr e ss e l ic its production of ACTH at the expense of grow th hor-
mone (STH) and gonadotropic hormon es (FSH and LH). 
Th e r esea rch of Stot t a nd Thomas ( 124) confirme d th e findings of 
Selye a n d Co llip. Accordin g t o Stott a n d Thomas (124 ) the initiation of 
sub-maintenance diets e lici t ed an adrenal response indicated by the 
r apid e levatio n in plasma co rti cos t eroids. Eleva t ed leve l s we r e sus-
tain ed 20 t o 30 days afte r initiati on of the sub-maintenan ce diet. The 
co rtico id l evel r eg r essed to normal or subno r mal levels, where the y 
remained wi th limited vari a tion until full feed was r es um ed. Doche a nd 
Warch ci t ed by Sto tt and Thom as (1 24 ), a l so demonst rated that und e r-
nouris h e d h e ife rs suffered from hypo tr oph y of the adrenal cortices and 
we r e unresponsive to exogeno u s injec tion s of AC TH . 
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MATERIALS AND METHODS 
Mater ials 
A total of 26 first lactation Holstein dairy cows were used in this 
experiment. The experimental des i gn was molded around an already 
ex isting experiment involving the measurement of genetic ability, l evel 
of nutrition, and ~heir interac tion on consumption, milk production, feed 
effici e ncy, b e havior and reproduction . E a c h cow in th e experiment was 
initially fed alfalfa hay ad l ibitum, plus a g rain supplemen t to meet it s 
NRC (87 ) requir ements for production and growth. Fifty days post 
par tum each cow wa s assig n e d t o a genetic g roup based on production 
and within eac h group the cows were rand omly assigned t o one of five 
ration s . Th e rations consisted of 70, 85 , 100, 115 and 130% of the NRC 
r e quir e ment for milk produc tion and l 00% of the requir ement for m a in-
t e nance a nd growth. The rati ons we re recalculated eve r y week and grain 
allowa nc es were c hanged according to c han ges in milk produc tion, body 
weights and hay cons umpti o n. 
The data for the nutriti onal s tress experiment were divided into 
t wo s ubse ts. The first subset consisted of 20 cows from which blood was 
collected biweekly for four consectutive month s . The o the r subset co n-
tain ed 9 cows , 3 of which were included in the first subset, which ende d 
their 3 05 day l actation during the 4 month blood sam pling inte rval, and 
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were remov ed from the expe rim e ntal herd. Blood from each of these 
9 cows was sampled twice after completion of the 305 day lactation. 
Ideally, a random block design would provide the maximum 
amount of information with the least number of samples. However, due 
to the restrictions on availability of test animals the number of samples 
per cow and the number of cows per treatment were not equal. Conse-
quently a completely randomized design was used. 
Blood Collection and Analysis 
B l ood samples were taken biweekly for four months between 
10:30 and 11:30 a .m. each sample day. Between 5 and 10 ml of blood 
were rapidly collected from each cow via tail vein puncture with a mini-
mum amount of disturbance to the cow. The blood was carefully ejected 
from the syringe into heparinized tubes and immediately cooled to 0°C 
in an ice bath to prevent enzymatic degradation of the cells and co rticos-
teroid s . The needle was removed from the syringe during ejection of 
the blood to minimize physical lysing of the blood cells . 
After all samples were collected for the day, approximat ely 2 ml 
of blood were removed from each heparinized tube and allow e d to equill-
bratc to room temperature for at leas t l 0 minutes before pr epa ring 
blood smears for the differential l e uco cyte count. The remaining portion 
of blood was cen trifugeda 15 to 20 minutes at 0° C in the original 
a int ernational Clinical Centrifug e, Model CL was used at 3400 
rpm, radius= 12.7cm. 
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heparinized tubes . The plasma was decanted into precooled tubes and 
immediately frozen at - 23°C for total corticoid analysis at a later dat e . 
Duplicate blood smears were prepared from each sample of blood 
according to the procedure described by Miale (82) . The blood smears 
were allowed to air dry and were then fixed for 10 minutes in methanol. 
The smears were air dried and we r e stained for 45 minutes to 1 hour. 
Extra slides were smeared and stained. At 45 minutes and at 5 minute 
intervals thereafter, one of these extra slides was examined microscopi-
cally t o determine the proper staining time. When staining was compl ete, 
the slides were rinsed twice in distilled water and allowed t o air dry. 
The dried s l ides were s t ored for later differential leucocyte determination. 
All smears were prepared within approximate ly one hour after collec ti on. 
A minimum of one-hundred leucocytes was counted per slide and identi-
fied as lymphocytes , mononocytes, neutrophils, eosinophils or basophils. 
The leucocytes were counted a l ong the edge of the slide avoiding the 
beginning and end portions of the smear using the "battlement" pattern 
described by Sturgis and Bethel (125). The average of the t wo counts 
was record ed and used in the s tatistical analysis. 
After preparation of th e blood smears the white blood count was 
performed in duplicate (2 separate fields on the hemocytometer were 
counted) . Turk's diluting fluid, consisting of water, glacial acetic acid 
and c rystal violet, was used for the WBC. Four different 0. I mm deep 
improv ed Neubauer Hemacytometers were used during the counting 
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procedure. The WBC was performed according to standa rd blood cell 
countin g procedures as described by Coffin (18). 
A ft er completion of th e WBC, the direct eosinophil count was 
performed using a propylen e glycol, water, phloxine, sodium carbonat e 
diluting fluid. The eosinophi l count was carried out in quadruplicate 
according to the procedure of Miale (82) . The same white blood diluting 
pipetes, and the same hemacyt~meters were used for the total l e ucocyte 
count and the direct eosinophil count. 
After completion of all direct eosinophil counts, the PCV was 
determined using the microhematocrit method as described by Coffin 
(1 8 ). Dade "capilet" microhematocrit capillary tubes were centrifug ed 
5 minutes a t 3, 400 rpm and the PCV was read from a Sherwood "critocap" 
Micro-hematocrit tube reader. 
Hemoglobin concentration was determined by the colorimetric 
reaction of 5 ml of Hycel-Cyanme themmoglobin reagent and . 02 ml of 
blood. A colorimetera was used at 530 nm to determine the concent ra-
tion of hemog lobi n in grams hemoglobin per 100 ml plasma. 
The total corticoid analysis was performed by Murphy's compe ti-
tive protein binding technique (85) using 3H labelled cortisol bound to dog 
plasma. No attempt was made in this study to separate cortisol and corti-
costeron e in t o different fractions. According to Gwazdauskas, Thatcher 
and Wilcox(S3) there is a proportionate increas e in cortisol and co rt icos-
teron e due to stress, and therefore, it is not n ecessary to separate the two. 
a Braun- Kn ec ht- Heim ann, Lumetron, Model 401A. 
33 
A fecal examination for pa rasites was carried out for each cow 
using the sodium nitrate flotation method de sc ribed by Coffin (18). Body 
weights were recorded every two weeks and the daily milk production 
was recorded for each day of sampling . 
Initially, in the pretrial pe riod of this experiment, red blood 
counts (R BC) were taken. The r ed blood counts took an inordinate 
amount of time and confid e nce in the values was low because of the large 
variations between duplicate samples of the same cow. Paape et al. (91) 
reported that the RBC frequently and randomly fluctuated throughout the 
day. Variations in erythrocyte level varied as much as 0. 7 x 1 o6 cells I 
cmm during a single day. Because of this random variability and be-
cause of the time factor it was :d·ec id ed not to continue with the RBC. 
As mentioned previously, the circulating eosinophils were mea-
sured by 2 different procedures. The first way (differential method) 
consisted of calculating the percent from a blood smear and the second 
way (dir ect method) consisted of counting the actual number on a hemacyto-
meter from a given volume of blood. The phloxine dye was unavailable 
at the beginning of the experiment and hence, a direct eos inophil count 
was not made on a ll observation s . Th e refore, all data recorded in the 
tabl es and all correlations were calculated using the eosinisophil count 
obtained from th e differen tial method only. 
The means of the differen tial and direct eosino phil counts (for 
thos e samples in which both methods we r e used) we r e compared using a 
standard t-test. No significant (p > . 05) d ifferenc e was detected between 
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the values for percent and absolute eosinophils determ in ed by either 
method. The correlation be t ween the two methods for percent eosinophils 
was • 60 and the correlation between the t wo methods for absolute 
eosinophils was . 56. 
Statistical Model 
The da ta was analyzed us ing the MDCR & SMRR programs of 
Hurst (64) for multiple regression analysis. A com plete randomly 
designed model was used, incorporating cow number, ration, date sam -
pled, stage of gestation, stage of lactation, milk yield, body weight, 
minimum temperature of sample date and mean temperatur e of day pre-
ced ing sample date as independent variables. Cows, date sampled and 
rations we r e included as qualitative variables. Interactions between 
milk production and body weight, milk production and stage of lactation, 
stage of lactation and body weight, stage of lactation and stage of gestation, 
stage of gestation and milk production, and minimum temperature and 
mean temperature we re included in the model. Total leucocyte count, 
percent and absolute neutrophil count, percent and absolute lymphocyt e 
count, percent and absolute eosinophil count, percent and absolute baso-
phil count, hemoglobin concentration, PCV and plasma corticoid concen -
tration were the dependent variable s in the model. 
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RESULTS AND D ISCUSSION 
The pu rpo se of this expe rim e nt was to determine the effect of 
nutritional stress on various blood cellular components and to determine 
wh e the r a relative decrease in eos inophil co unt could be used as a quanti-
tativ e index of stress. It was hypothesized that measuring the eosino-
penia resulting from increased corti c oid s wo uld be a better indication 
of long t e rm nutritional stress a nd would h ence e liminate the problems 
of using cortic oid l eve l as a so l e indicator of stress. It was poin t e d o u t 
pr e viously th a t co rticoids a r e s ubjec t to insta ntaneous e lev a tion in con-
centration du e to various blood co llec ting procedures, w hile a de c rease 
in ci r c ulating eosinophils occ ur s ove r a rela tively longer period of time 
and h e nce , would not be thus affec t ed. 
Most experiments involving sub-maintenance diets have been 
r e stri c ted to heifers, ste e rs or oth e r test an imals . Lactating dairy 
cattle hav e seldom been subjected t o defic ient die ts because of dec r ea sed 
m il k production and subsequent economic loss. Cows used in this ex peri-
m e nt we r e part of a long t e rm genet i c study involving over 300 first 
la c tation dairy cows . These animals were used because they we r e 
alr eady on controlled diets. How e ver , fewer anim als were o n the 70 
and 85 o/o rations than the other 3 rations because a larger number of 
these had al r eady compl eted their 305 day lactation . Conseque ntly, 
conside rable unbalance was introduced into the subse que nt a nalysis. 
36 
Least squares analysis was used t o eliminate some of the un-
balance due t o un even sample size and t o h e lp eliminate the confounding 
e ff ec ts of stage of lactati on, milk production, stage of gestation and 
e nvir onmen t a l temperature on co rticoids an d circulating l eucoc yte s. 
The cows were all sampled between 10:30 and 11 :30 a .m. each 
sample date t o eliminate diurnal change s in leucocyte and co rticos t e r oid 
l eve ls of the blood. The cows were tied at the manger at this tim e fo r 
individu a l feeding and could b e approached qu ie tly from the r ear and 
bled with very little disturban ce t o the cow being sampled or t o the other 
cow s. Tail ve in punc tur e was us ed instead of the frequently us e d in -
dwelling jugular cannula, because the large numbe r of animals tested 
made cannuli za t ion impract ical. Acco rding to Shaw, Dutta a nd Nichols 
(ll 7) the us e of a cannula was unnecessary since no significant difference 
(p > . 0 5 ) was detec ted between sampling with a j ugul a r cannula or tail 
v e in bl eed in g as long as the t es t animal was not restrained over ten 
minutes . Basset and Hinks (7) r ecommended acclimating the animal s 
to fr eq u e nt h and lin g b e for e the exper im ent. Training the animal s sub-
stantially reduced co rticos t eroid increases due to venipunc ture. All 
animals in thi s exper iment were accustomed to fre quent handling since 
they were all tied at the manger 3 times daily for feed ing. A ny e ffec t 
of age , sex or breed difference on corticoid s was e liznin a ted, since only 
first lactation Holstein cows were used. Environmental temperatur e, 
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stage of gestation, stage of lactation and milk production are all known 
to affect the circulating levels of corticoids and leucocytes. 
Upon exposure to cold envi ronmental temperature Selye (114) 
reported that the adrenal cortex hypertrophoid. 
/ 
Heroux and Hart (58) 
r epo rted a drop in circulating eosinophils which is another indication of 
inc reased secretion of adrenocorticosteroids. He'roux and Schonbaum 
( 59) r eported that after continuous exposure to cold,the corticoid secre-
tion s d ec reased and returned to normal. The eosinophil level also 
gradually r eturned to normal. It was concluded therefore, that corti-
coids increase only during the initial exposure to continuous low tempera-
ture. 
In order to account for the variation of corticoids and eos in ophils 
due to flu c tuations in temperature, three variables were entered into the 
model. The first variable was th e minimum temperature recorded for 
the sampling date. The second variable was the mean temperature 
observed for the day prior to sampling . The third variable was the 
interaction of the minimum and m ean temperatur e . Significant correla-
tions ( p < . 05) with minimum tempe rature were observed in PCV, WBC, 
number of lymphocytes and number of monocytes. Co rticoid s were 
significantly (p < • 01) correlated with the interaction of minimum sample 
day temperature and mean temperature of the previous day. 
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Summary data from the gene ti c -environmental interaction pro-
jec t is listed in Table l . The number of cows sampled, the average 
daily milk production, actual feed consumption, and weight changes are 
listed for each ration. 
Table l. Summary of production by ration for cows on genetic-
environmen tal project. (a) 
Avg. Milk/da :z: 32 wk. trial 
Feed 
32 con-
Nutrition No . 21-50 week sump- Weight 
lev e l cows days trial tion(b) change 
70 58 50.05 26. 55 77.02 -87 
85 54 50.65 31. 32 90.48 -54 
100 54 50.92 33.75 I 05. 86 +1 5 
11 5 58 50.03 39. 73 116. 15 +87 
130 52 51. 54 42.08 124. 79 + 131 
(a) Lamb, Robert C ., Genetic by nutrition interaction in dairy cows , 
Project 1 78, Annual Project Report and Work Plan, Utah Agricul-
tural Experiment Station. 1974. (unpublished) p. 3. 
(b) Feed consumed as percent of requirements above maintenance. 
The data in Table I clearly indicates that as the level of nutrition 
decreased, milk production and body weight decreased cor respondingly. 
It was noted that feed consumption, i.e. the feed consumed as a percent 
of the requirements above maintenance, did not equal the planned nutri-
tiona! level. Cows on the 70, 85, 100 and 11 5% ration we re inadverently 
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overfed because new rations were calculated only weekly. During the 
first part of the week the cow would be getting the proper amount of feed, 
but as milk production declined during the week her ration stayed the 
same and hence the cow was overfed. Cows on the lowest ration, i.e. 
70 o/o, were overfed most consistently since milk production in these cows 
declined most rapidly. Cows on the 130o/o ration were consuming at an 
average level of only 125 o/o. Cows on this level were offered l30o/o of 
their milk production requirement but were unable to consume the total 
amount. Table 2 contains data from the first subset based on 130 ob-
servations on 20 cows. The range and the mean plus the standard error 
(S E ) is listed for total corticoids, stage of lactation, body weight, daily 
milk production and stage of gestation. 
Table 2. Observed values in subset 1 for corticoids stage of lactation, 
body we ights, milk production and stage of lactation. 
Range Mean.± S. E. 
Corticoids (ng/ml plasma) 1. 28 - l 22. 21 8. 54 + . 48 
Stage of lactation (days) 40 - 288 168 .± 
Body weight (lbs.) 955 - 1353 1174 + 9 
Milk production (lbs/day) 0 - 59 34.3_± 1.2 
Stage of gestation (days) 0 - 215 56 
.± 5 
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Bod yweight a nd milk production values in Table 2 are ave rag e for lst 
lac tati o n dairy cows. A wide range in stage of lactation and s t age of 
ges tation is note d . 
The values obtained for total co rtic oids presen t ed in Table 2 were 
consist e nt with th e findings of Abilay and Johnson (l ), Gwazdauskas, 
Thatcher a nd W il cox (53), H e it zman , Adams and Hunt e r (57), MacAdam 
a nd Ebhart (78), Paape et al. (91 ), Randel e t al. (95 ), Wagner (136) a nd 
Wagner a nd Oxenreider (137), a ll of whom us e d s imil a r method s of com -
petitive protein binding for m easu r ing to t al co rti coste r oids. These 
v a lues we r e considerably lower than the va lu es obtained by Riegle and 
Ne llor (100), Sha w , Dutta and Nichols (117) and Venkataseshu and Es ter -
green (132). The difference was a ttributed to the diff e rence in assay 
method. It was we ll es tablish ed tha t th e colo rome tr ic methods which 
required large quantities of blood, resulted in s t ress . This addi ti onal 
stress caus ed an increase in cort icoid concent r a tion of th e blood. 
A comparison of normal blood values for mature , purebred 
Holstein cattl e accordin g to Scha lm (ll 0), was made with the values ob-
t ained in th e first subset. Ranges and means were listed for h emog lo bin 
(Hb), pa cked ce ll volume (PCV), white blood ce ll count (WBC) and 
diffe r e nti a l l e u cocyte count, i. e . percent and actua l numbers of n eutro-
phils, lym phocytes, monocytes, eos inophils and basophils. 
Th e data from Table 3 indicate d that the mean value for total (41) 
leucocytes in t he first subset was about 50% greater than the normal 
mean listed by Schalm (110). However, 12, 410 cells/cern was st ill 
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Table 3. No rmal Hb, PCV, WBC and differential WBC ranges and 
means for mature purebred Holstein cows compared to cows 
in subset 1. 
No rmal values (a) Values from subset 
Mean 
Range Mean Rang e + SE 
Hb 10.3-13.3 1 0.8 10 .5- 13.4 13.0+.2 
(g/1 OOml plasma) 
PCV (o/o) 33-48 38 31-41 38. 3 +.6 
WBC/cmm 4, 750-12,700 7,840 53 75 - 22300 12, 4 1 9 ±_279 
Neutrophils 8-46 3 2. 5 12-44(912-9630\b) 22. 2+. 6 
Lyrn phocytes 3 6 -71 54.0 51-84(5563 -18403) 70. 5+.6 
Monocytes 3-8 5 . 7 0-7(0-927 I. 8 +. I 
Eosino phils 3 -7 5.2 0-19(0-3300) 5. 0+.4 
Basophils 0-2 0.6 0-1(0-325) 0. 4+. 1 
(a) Schalm, Oscar W. Veterinary Hematology. 1961. Lea & Febiger, 
Philadelphia, p. 155. 
(b) Absolute number in ( ). 
wi thin th e normal range . Since all WBC were counted by hand, the dis-
crepancy was attributed to counting error and not to pathogenic infections 
in th e cows . A ll cows were regularly examined for disease by a veterina-
rian. No major illnesses were observed during the experiment. 
Stur g is and Bethel (125) identified 3 sources of e rror in counting 
WBC by hand. First, ther e were errors of mixing the cells with diluting 
fluid; second , erros occurred from filling the counting c hambe r by 
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capi llary action; and third, there was the error f r om the settling of 
cells by chan ce on the ruled field of the coun t ing chamber. This last 
e rror accounted for most of the va riation of ce ll /c mm. 
The coun tin g error in thi s exper iment probably involved counting 
leucocytic fragm e nts as whole ce lls. Since the same relative error was 
con s istent throughout th e study it s h o uldn't affect the statistical analysis. 
The n e utrophil count observed in the experim e nt was lower than the 
normal value r epo rted while the lymphocyte count was highe r tha n the 
n o rmal mean. From Tabl e 3 it was also noted that t he hemoglobin va lu es 
lay within the a ccepted rang e and th e PCV was identical to th e normal 
m ea n. Summary data for subset 1 according to the 5 rations is listed 
in Tabl e 4. Mean valu es for co rticosteroids, stage of lac tation, body 
weight, daily milk production, Hb, P C V, WBC and the differential leuco-
cyt e count we r e compa r ed a t each treatment level with the pooled mean. 
Significant differences (p < • 01) among ration s were obs erved for total 
l e ucocyt e s, percent eosin o phil s, absolute number of neutrophils and 
lymphocytes . The difference among rations for absolute eos inophil 
count was also significant (p < . 05). 
Examinati o n of the means for co rti coids a t the 5 l eve ls of nutrition 
indicated a t rend of in c r easin g corticoids with decreasing feed leve ls . 
Regression analysis of corticoid level wi th ration confirmed th e existance 
of thi s trend. L e ast square c oeffi c ients were 3. 2, 1. 0, - 7 , -1.2 a nd 
-2. 6 fOr 70 , 8 5 , 100, 11 5 a nd 130% rations re s p ec t i vely. When these 
43 
Table 4. Summ a ry data for subset 1 according to ration. 
Pooled 
Rations ( o/o ) 
mean 70 85 1 00 11 5 130 
Cor ticosteroids 8. 54 ll. 97 11. 16 8. 26 8 . 80 7 . 44 
(nglm l plasma) 
Stage of lactation 168 220 182 165 201 1 26 
(days) 
Body weight ll 74 1118 ll 55 1143 1301 1 205 
( lbs ) 
Milk 34.3 20.9 27 . 2 40.9 18. 9 45 . 8 
(lbs I day) 
Hb(.:JIIOO ml plasma) 13 . 0 1 2. 9 l 2. 5 1 ? . 7 l 3 . 1 1 2. 5 
PCV (o/o ) 38.3 37.4 38. l 37.8 40 . 8 38. 3 
WBCicmm 1 2,4 1 9 1 0,838 11' 3 69 14, 1 53 ll ' 510 13' 245 
Neutrophils ( o/o ) 22. 2 23. 1 20. 5 28 . 2 19. 6 23 . 0 
Neu t rophils I cmm 2, 757 2 ,487 2, 3 58 3' 239 2 , 2 11 2 , 603 
Lymphocytes (o/o) 70.5 70. l 70.6 70.8 74 . 9 68 . 7 
Lymphocytes I cmm 8, 755 6 , 018 8,098 9,975 8,685 8 , 852 
Monocytes ("/o) 1.8 2. 0 1.7 2. 0 1. 2 3 . 1 
Mon ocyteslcmm 224 217 238 282 1 25 202 
Eosinophils (o/o) 5. 0 4.8 6. 9 4 . 2 4.0 4. 0 
Eosinophilslcmm 621 541 776 602 442 522 
Basophils I cmm . 4 . 4 .4 . 5 . 4 .4 
Basophilslcmm 50 39 48 56 221 236 
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coefficients were plotted against ration in Figure l, a linear respons e 
was indi cated with a slight inflectio n of slope at the ll5o/o lev el. This 
lin e ar relationship however, was not signifi cant (p > . 05). 
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Figure l. Least squares coefficients comparing ration with corticoids, 
percent a nd absolute number of eos inophils. 
Significant differences among treatments were observed for 
percent and absolute number of eosinophils , but the trend was opposite to 
wha t was expected. When the least squ a r es coefficients were plotted 
against ration in Figure l, the tr e nd ind icated inc r eas ing eosinophils 
with decr easing levels of nutrition. 
There was a negative relationship between percent eosinoph i l s 
and co r ticoids as expected (r = -. 15) and b etween the actual number of 
circ ul ating eosinophils (r = -. 17) but neither we r e significant . These 
fi nd ings corresponded to the conclusions of Migeon et al. (83 ) who stat ed 
that there was only a rough correlation between circulating eosinophil 
l eve l s and p l asma levels of corticosteroids. In individual cows Paterson 
(92) observed correlations between eos inophils and corticoids rangin g 
from-. 73 to+. 38. An overall pooled estimate based on 21 observations 
yi elded r = -. 29. He suggested that measuring adrenal function on the 
basis of one or two eos in ophil counts might be subject to cons i de r a bl e 
e rror. H e con clu ded that chan ges observed in leucocytes might fo r m a 
r easonably re liabl e qualitative in dex of changed adrenal function but w i th 
no quantitative significan ce. 
Differences in corticoid levels among sampled dates were highly 
significant (p < . Ol ). The difference between sample dates was much 
g r eater than the difference between treatments. 
Differences in eosinophil l evel were detected among rations. 
Eos inoph il l evel was not affected by date sampled. 
Thi s study of s ubset l failed t o demonstrate an effect of nutritional 
s t ress on corticoids because perhaps, there was no measurable amount of 
s t ress due to th e relatively mild treatments. 
According to Stott and Thomas (124) initiation of a deficient diet 
indu ced an e levation in corticoid s which lasted 20 to 30 days. As the 
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animal adjusted to the rati o n the corticoid concentration fell and then 
leveled off at normal or below normal values. 
From Table 1 it was noted that the stage of lactation varied from 
40 to 288 days. Therefor e , some cows were sampled during a period of 
rising corticoids, others in a declining stage while others were in the 
stationary stage. Thus a cow in the middle segment of this curve may 
be reacting to nutritional stress with a decrease instead of an increase 
in corticoids. This may help to explain why no significant increase in 
corticoids was detected in thi s expe riment. 
Significant correlations among the variables in the first subset 
are tabulated in Table 5. Variables having no significant correlations 
have been excluded from the table. 
Significant correlations observed in this study included the 
obvious positive correlation of ration on body weight (r = • 29) and milk 
yield (r = .4-7). The reason for the negative correlations between milk 
production and stage of lactation (r = -.52) and milk production with stage 
of gestation (r = -. 64) are self evide nt. 
The rel ationship b e tw een stage of gestation and leucoc yt es was 
negativ e. Significant (p < . 01) n egative corre lations existed between 
stage of gestation and WBC, percent neutrophils, absolute number of 
lymphocytes and percent and absolute number of monocytes. Positive 
correlations between WBC and absolute number of neutrophils and 
lymphocytes were consistent with the findings of others. The highly 
significant (p < . 01) negative correlations between percent and absolute 
Table 5. Sisnificant correlations of variables in subset l (a) 
body milk stage 
PCV WBC No % No "lo No o/o No No 
wt. prod. gest. Neut Lymp Lymp Mono Mono Eos Eos Bas 
Ration 0 29 0 47 0 27 0 22 -. 2 1 
Stage !ac t. 
-:52 0 60 -. 21 
Body wt. 
-. 20 
Mi l k prod. -. 64 
Stage gest. -. 45 -. 25 -.40 -. 21 -.31 
Min. t e m p. - . 22 0 24 0 24 .40 0 41 
Hb. 0 61 
Cort. 0 38 .36 
WBC 0 58 0 93 0 3 2 
o/o Neut. .72 -. 82 -;-, 3 7 -. 27 
No. Neut. -.55 -. 30 0 25 
o/o Lymp. .46 -. 29 -. 24 
No . Lymp. .32 
o/o Mono. 0 96 
o/o Eos , 0 9 5 
o/o Bas. 0 93 
(a)p<.05 r = . 20, p < 0 01 r = . 25 
... 
-J 
48 
nwnber of neutr ophils w ith percent and abso lute number of lymphocytes 
indicated that as neutrophils increased in concentration the lymphocytes 
decreased or remained constant. This was also consistent with the 
findings of other researchers. 
Significant correlations existed between ration and percent 
eosinophils (p< • 05), absolute neutrophil count (p < . 01) and absolute 
lympho cyte count (p < . 01 ). Signifi cant correlations (p < . 01) betwe e n 
ration and body weight, stage of gestation and milk production were also 
observed. 
The fact that nothing was correlated with hemoglobin concentra-
tion and PCV except each other was not surprising. Hemoglobin concen-
tration and PCV have been noted to change only in extreme cases of 
stress which usually terminated in death (73). 
Summary data from the second subset comparing values observed 
during th e 305 day lactation with values observed after the 305 day period 
are pres e nt ed in Table 6. Mean values plus the standard error of the mean 
have been listed for corticoids, stage of lactation, milk production, Hb, 
PCV, WBC, and the differential leucocyte count based on 49 observations 
on 9 cows. 
The results of the second subset comparing the blood a nalysis 
during and after the 305 day lactation illust rated the typical recovery 
from stress demonstrated by many researchers. After the 305 day 
lactati on the cows wer e removed from the experimental herd. A majority 
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Tabl e 6. Summary dat a from s ubset 2, du ring 305 day lactation and 
after. 
Means+ S. E . 
Dur ing 3 05 d. lact. A.ft er 305 d. !act. 
Ca rt. (ng lml plasma) 14. 93 + 2. 00 7. 51 + 1. 7 5 
Stage of lactation (days ) 245 
.±. 6 3 54 .±. 9 
Milk production (lbs lday) 21. l 
.±. 2 . 6 7.8 .±. 2. 7 
Stage of ges tation (days) 89 
.±. 10 164 .±. 20 
Hb (g llOO ml plasma) 1 2 . 6 
.±. . 3 13 . 7 .±. .3 
PCV (%) 38. l 
.±. . 7 38.5 .±. . 5 
WBCicmm ll' 769 
.±. 543 14,867 .±. 1 ' 256 
Neu tr o phil s (%) 23.4 
.±. 1.3 3 5. 7 .±. 2.9 
Neutro phils I cmm 2, 340 
.±. 289 5, 7 0 5 .±. I, 001 
Lymphocytes (%) 69.0 
.±. 1.3 58.4 .±. 2. 6 
Lymphocytes I cmm 8 , 068 
.±. 360 8 , 285 .±. 565 
Monocytes (%) 2.3 
.±. . 3 1.1 .±. 
Monocyteslcmrn 264 + 40 181 + 27 
Eosi n ophil s (%) 4.8 
.±. 1.0 4.5 .±. . 8 
Eos inophil s I cmm 542 
.±. 109 645 .±. l 28 
Basophils (% ) .4 
.±. .1 . 3 .±. . 1 
Basophi1s lcmm 53 
.±. 10 49 .±. 25 
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of these cows , especially the two animals which were on the 70% ration, 
showed a drop in corticoid lev e l and an increase in absolute number of 
circulating eosinophils even though the percent eos inophils decreased 
slightly . The drop in corticoids was significant (p < . 01) but the increase 
in eos inophils was not significant (p > . 05) . A significant (p < . 01) 
increase was observed in WBC, percent and absolute number of circula-
ting neutrophils. This relationship of neutrophils and WBC was typical. 
Usually increased circu lating leucocytes can be related to increased 
neutrophils. The percent lymphocytes dropped markedly but the actual 
number of circulating lymphocytes remained unchanged. Leucocytosis 
and neutrophilia along. with a decrease in corticoids was contrary to the 
findings of most researcher s, who reported leucocytosis and n eutrophili a 
with increased corticosteroid l evels . 
It was hypothes ized that this increase in leucocytes was due 
to increased stage of gestation even though the data from th e first subset 
indicated a trend of decreased WBC, lymphocytes and neutrophils with 
increasing length of gestation. The dramatic increase in WBC may also 
be related to the decrease in milk production. Milk production for cows 
in subset 2 decreased from an average of 21.1 to 7 . 8 lbs/day. A majority 
of these 9 cows we r e dried aft er removal from the exper imental herd. 
Decreased corticoids observed in the non-lactating cows was consistent 
with the findings of Wagner and Oxenreide r (137). 
These differences in WBC, corticoids, hemoglobin etc, may 
be due to variations in sampling. 
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Comparison of the means ( 119) for eosinophils measured by the 
diffe renti a l and dir e c t methods, indica t ed that the former method r e-
s ult e d in higher counts . This was consistent with the r e s e arc h of Mig eon 
e t al, (83 ). However, the d iffer e nce between methods in thi s study was 
not significant (p > . 05). 
Th e dir ect method of measuring eosin ophils was more accurate 
b ecaus e it eliminated the er r o rs involved in prepa ring a blood smear 
and takin g a diff e rential count, According t o Sturgis and Bethel (I 25), 
these e rr o r s can be e normous depe nding on the t ec hn iq ue of the t echn i -
c ian p erfo r ming th e test. 
F e cal examination for internal parasites revealed t hat only 3 
cows had fecal counts of o n e o r less per low power field during micro-
sco pic examinati on . Haemonchus contortu s was identified as the parasite 
in e ach of the 3 cows affected. The remainin g 23 cows were negative 
for parasites . 
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SUMMARY AND CONCLUSIONS 
Summary 
Twe nty-s ix first lactati on dairy cattle were assign e d one of five 
rations based on 70, 85, 100, 11 5 and 130o/o of the NR C requirement for 
milk produc tion above mainte nanc e requirements. Tail- vein blood 
sampl es we r e obtained biweekl y for 4 months to detect chan ges in total 
(WBC) and differential l eucocyte composition , packed cell volume (PCV)f 
hemog l obin (Hb) con centration and plasma corticos t e roid leve l s. 
N in e co ws com pl e t ed t he 305 day l actation during the four month 
sampling int erval and were r emoved from the experimental herd. These 
cows were sampl ed t wice aft er completion of the 305 day re co rd. Data 
from these cows were analyzed separately to determine changes in b l ood 
composition during a nd aft e r com pl etion of the 305 day lactation. 
It was hypothesized that cows on t he r a t ions below NRC r equir e -
ments would display stress symptoms of e l evated plasma corticosteroids, 
e l e vat e d WBC, neutrophilia and eos in opena. L eas t squares analysis 
ind icated a tren d for increased corticoste r oid level w ith decreased 
nutrient leve l s but the tr end was not significant (p > . 05). Significant 
differences among rations for pe r cent and absolute number of eosinophils, 
actua l number of neutrophils and ac tual number of lymphocytes we r e 
detect ed but th e differences were not linearly r e lated to ration . 
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Eosinophil level was significantly (p < , OS) r elated to ration (r = • 21) 
indicating that increased stress caused an increase in eosinophils in-
stead of a decrease as was expected. The eosinophil level was n egatively 
corre l ated to corticoids (-. 12) but not signi ficantly. Ration was signi-
ficant l y (p < . 01) co rr elated to body weight (r =, 29), daily milk pro-
duction(. 47). absolute number of neutrophils (. 27), and WBC (-. 33) . 
The WBC was sign ific antly (p < . 01) related to actual numbers of neutro-
phils (. 58 ), lymphocytes (. 93) minimum temperature( . 24) and negatively 
related to stage of gestation (.-40). 
Analysis of the second subset with at-tes t indicated significant 
( p < • 01) l eucocytosis, neutrophilia, increased hemoglobin concentrati on 
and decreased corticos ter oids in the 9 cows removed from the experi-
mental herd after compl etion of their 305 day l ac tati on. 
Conclusion s 
Nutritional stress in lactating dairy cattle caused a decrease in 
mi lk production and body weight . Packed cell volume and hemoglobin 
concen tr at i on are not affected at the levels of nutrition studied. 
WBC tend ed to increase with decreased nutrient intake but no 
change in co rti coids was detected. Increased WBC can be a ttributed to 
inc reased number of c ir cu lating neutrophils . Although the percen t of 
lymphocytes decreased, t he actual number increased accompanying the 
l eucocytosis. The number of circulating eosinophils increased with 
decreased l evels of nutrition. 
54 
It was concluded that the com bination of decreased milk produc-
tion a n d advanced s tage of gestation wa s ac companied by a significant 
(p<. OJ) increase in WBC and decrease i<. corticoids. A l though a 
negative cor r e lation betwee n co rti coids and eosinophile exists it was 
insign i fican t a n d therefo r e canno t be us e d as a valid indicator o f nutri -
tional stress in this experiment. 
Nutritional stress may have e lic i ted an ad r enocortical r espon se 
which was masked i n this experimen t due t o the large va r iations in corti -
coids within tr ea tmen t s and between sampl e dates . This expe rim en t was 
designed to e liminate va riat i o n s in cor ticoids due to stage of lactation, 
m ilk prod uc tion, body weight, stage of gestation, e nvironm e nta l t em-
perature, bl ood co lle c tion, diurn a l va riation a nd age. The expe rim ent 
was not designed to eliminate variations within tr eatments and between 
sample dates due to limitations of suitable test a nim a l s . It was concluded 
that in order to de t ermine the effect of nutritional s tr ess , on corticos t e r-
oid and l e ucocyti c compos ition of the blood a random block des i g n or 
Latin Squar e des i gn should be used t o elim inate the variations encountered 
in thi s experiment , 
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Appendix A 
Some Biologically Active Adrenocorticosteroids 
CH 20H C H OH I I 2 
~-QH ~~-OH 
0 0 11-deox yco rtisol 
II j3 ,1 7a , 21 -Trihydroxypregn- 17a , 21-Dihyd r oxypr egn 
4 - ene - 3 , 20-dione 4-ene - 3, 20 - dione 
(Cortiso l) ( 11- Deoxyco rtisol) 
CH OH I 2 
C=O 
~ 
0 
ll j3 , 21-Dihydroxypregn -
4 - e ne -3 , 20-dione 
( Co rticosterone ) 
0 
p---on 
1 7a, 21-Dihyd r oxyprcgn-
4 - ene-3, I I, 20 - trione 
(Cortisone) 
C H
2
0H I -
c - o 
0 
0 
21-Hydroxypregn - 4-ene-
3, 11, 20-trione 
(11-Dehyd ro corticoste ron e ) 
21-Hydroxypregn-
4-e n e-3 , 20 - d i one 
( Deoxycor tis one) 
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Appe ndix B 
Amino Acid Sequence of Human, Bovine , Ovine and Porcin e AC TH.(e.) 
(a ) Li, C. H. Adrenocorticotropin 45, Revi sed amino acid sequen ces for 
sheep and bovin e hormo n e s. Biochemical and B iophysical Research 
Communi cations 49(3):835-839 . 1972. 
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